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SYNOPSIS
The thesis entitled “Stereoselective Total Synthesis of Bioactive Molecules (+)- Crassalactone A, Goniothalsdiol A, Umuravumbolide and Putaminoxin 1 has been divided into three chapters.
CHAPTER I: Total Synthesis of Styryl-lactones (+)- Crassalactone A and goniothalsdiol A 
        This chapter has been further divided into two sections
Section-A: First total synthesis of (+)-Crassalactone A

   





More recently (+)-Crassalactone A (1) a 5-O-cinnamoyl derivativeof (+)-goniotriol was isolated from the ethyl acetate extract ofthe leaves and twigs of Polyalthia crassa. The new compound 1 shows cytotoxic activity against a panel of mammalian cancer celllines. The structure was determined on the basis of spectroscopic methods. In continuation of our interest towards the total synthesis of biologically active natural products. We report here the first total synthesis of (+)-Crassalactone A (1).

The retro-synthesis analysis of compound 1 is shown Scheme 1. It was envisioned that 
(+)- crassalactone A (1) could be synthesized from 2 by cis hydrogenation, functional group transformations, elaboration, and lactonization. While in turn 2 could be originated from α,β-dihydroxy ester 3 which could be derived from the commercially available (R)-mandelic acid 4 (Scheme 1). 
         
                                                         Scheme 1
                              Retro synthesis of (+)- Crassalactone A

The journey of the synthesis was started from commercially available chiral source (R)-mandelic acid 4. Since the C8 chiral center is matched with compound 4 it was chosen as the starting compound for the synthesis. The other C6, C7 and C5 chiral centers were achieved via osmium tetroxide cis-dihydroxylation and anionic addition of ethyl lithiopropiolate to the chiral intermediate aldehyde. 
Initially (R)-mandelic acid 4 was converted into its methyl ester derivative 5 using the reported literature procedure with 93% yield (Scheme 2). The hydroxyl group in the methyl-(R)-mandelate was protected with TBDMS group using tert-butyldimethylsilily chloride in anhydrous DCM afforded Compound 6. Ester 6 was reduced with DIBAL-H at –78 oC to yield the corresponding aldehyde, which was subjected to Wittig olefination in anhydrous DCM furnished the ,-unsaturated esters 7a and 7b in 87% yield with the ratio of (E/Z = 93:7). After chromatographic separation of the two geometrical isomers, the E-isomer (7a) [E-geometry in 7a was supported by 1H-NMR spectra (2HJ3H = 15.3Hz)] was treated with catalytic amount of OsO4 in the presence of excess N-methylmorpholine N-oxide in acetone-water (5:1) system afforded ,-dihydroxy ester 3 in 85% yield. The reaction afforded high anti-selectivity (90:10 ratio of anti:syn)  with respect to the existing C8 chiral center. The dihydroxy ester 3 was masked by acetonide protection using 2,2-dimethoxypropane in the presence of catalytic amount of p-TSA gave compound 8 in 87% yield which was reduced with DIBAL-H furnished alcohol 9 in excellent yield.  


















                                                                            Scheme 2








Scheme 2: Reagents and Conditions: a) MeOH, p-TSA, reflux 4hr, 93%; (b) TBSCl, Imidazole, dry DCM, 3hr, rt, 95%; (c) i). DIBAL-H, dry DCM, -78 oC, 1hr; (ii) Ph3PCHCO2Et, dry DCM, 6 hr, rt, 70% (for two steps); (d) OsO4, NMO, Acetone-H2O (5:1), rt, 8hr, 85%; (e) 2,2-DMP, p-TSA (cat), dry Acetone, 6hr, rt, 87%; (f) DIBAL-H, dry DCM, 0 oC, 1hr, 90%; (g) i) Dess-Martin Periodanane, dry DCM, rt, 1h; ii) CHCCO2Et, -78 oC, LDA, THF, 12hr, 62% (for two steps); (h) DCC, Cinnamic acid, DMAP, dry DCM, rt, 3hr, 65%; (i) H2 (1bar), Lindlar’s catalyst (70 w/w%), quinoline, hexane, rt, 90%; (j) 3% MeOH/HCl, 0 oC to rt, 5hr; 65%.


Primary alcohol 9 was oxidized with Dess-Martin reagent afforded the intermediate chiral aldehyde, which on treatment with ethyl lithiopropiolate at –78 oC in the presence of LDA generated 10 as the single isomer in good yield (75%). Compound 10 was esterified with cinnamic acid in the presence of standard DCC and DMAP procedure to give compound 2 in 65% yield. The triple bond in compound 2 was partially hydrogenated into cis-alkene using Lindlar’s catalyst in hexane afforded 11 in 90% yield. Finally the deprotection of TBS and acetonide groups followed by cyclization of compound 11 was achieved on treating with 3% methanolic HCl afforded (+)-Crassalactone A (1) in single step with 65% yield. The physical [α]D25 +319 (c 0.1, CHCl3) and spectroscopic data of the synthesized compound 1 was found to be in good agreement with reported literature data (Scheme 2).
 
In conclusion, we have accomplished the first total synthesis of the cytotoxic of (+)-crassalactone A (1) in 10 steps with an overall yield of 11% from (R)-mandelic acid.

Section-B: Stereoselective total synthesis of Goniothalesdiol A 
  
                                            
Goniothalesdiol A 12 were isolated from the stems of a southern Taiwan tree Goniothalamus amuyon. Here in we report a simple and practical synthesis of Goniothalesdiol A (12) using  cis dihydroxylation with Osmium tetra oxide, intermolecular oxy-Michael addition.

The total synthesis of Goniothalesdiol A (12) starting from TBDMS protected (R)-mandalic ester. The retro synthesis Goniothalesdiol A (12) is depicted in Scheme 3. 



                                                        Scheme 3

TBDMS protected (R)-mandalic ester 3 was reduced with DIBAL-H at -78 oC to give good yield the corresponding aldehyde, Which was further subjected to Horner–Wadsworth–Emmons olefination employing bis(2,2,2 trifluoromethyl)(methoxycarbonylmethyl) phosphonate to give the cis-olefinic ester 13 in 82% yield. After chromatographic separation of the two geometrical isomers, the Z-isomer (13) [Z-geometry in 13 was supported by 1H-NMR spectra (2HJ3H =  J = 9.06 Hz)]  Compound 13 was reacted with a catalytic amount of OsO4 in the presence of excess N-methylmorpholine N-oxide in acetone–water (5:1) system to afford α,β-dihydroxy ester 14. The reaction afforded high anti-selectivity (85:15 ratio of anti: syn) and the anti isomer 14 was separated chromatographically in 83% yield. The dihydroxy ester 14 masked by acetonide protection using 2,2-dimethoxypropane in the presence of catalytic amount of p-TSA to give compound 15 in 87% yield, which was reduced with DIBAL-H, furnished at -78 oC to give good yield the corresponding  the aldehyde. This aldehyde was subjected to C1 witting give olefin compound 16.

          
                                                         Scheme 4

Scheme 4. Reagents and conditions: (a) i). DIBAL-H, dry DCM, -78 oC, 1hr; (ii) NaH/THF, -78 oC, 30 min, then (CF3CH2O)2P(O)CH2COOCH3, THF, 30–45 min, 82%; (for two steps); (c) OsO4, NMO, Acetone-H2O (5:1), rt, 8hr, 85%; (d) 2,2-DMP, p-TSA (cat), dry Acetone, 6hr, rt, 87%; (e) DIBAL-H, dry DCM, -78 0C, 30 min, 90%; (ii) PPh3CH3I, KOtBu THF, 00C to rt, 15min, 80%; (e) BH3-DMS ,THF, 00C, 4h, then 20% NaOH, 30% H2O2, 3h, 82%; (f) IBX, DMSO, THF, 2h (f) Lindlar`s catalyst, DCM, H2, 8h,


The compound 16 oxidation with BH3-DMS give primary alcohol 17. Alcohol 17 was oxidized with IBX give aldehyde followed by Wittig reaction with (methoxycarbonylmethylene) triphenylphosphoranecarbonyl in an anhydrous DCM to furnish the Wittig product α,β-unsaturated ester 18 trans-configuration in 87% yield. The TBDMS ether was deprotected by treating with TBAF in dry THF at room temperature to give alcohol 19. Alcohol 19 was then treated with p-TSA in methanol at room temperature to cleave the acetonide followed by intramolecular oxy-Michael addition of the C2 hydroxyl group to the C6, C7 double bond to accomplish the target molecule Goniothalesdiol A 12 (90%) (Scheme 4). The product were characterized from their spectral (1H and 13C NMR and MS) and analytical data.

In conclusion, we have accomplished the total synthesis of the Goniothalesdiol A starting from TBDMS protected (R)-mandalic ester employing using  cis dihydroxylation with Osmium tetra oxide and intermolecular oxy-Michael addition. Goniothalesdiol A prepared in low steps with good overall yield.

CHAPTER-II: Steroselective total synthesis of Umuravumbolide.



                    


Compounds having 5, 6-dihydro-α-pyrone moiety desacetylumuravumbolide (20a) and umuravumbolide (20b) were isolated from Tetradenia riparia of Lamiaceae family from central and southern Africa. The structures of desacetylumuravumbolide (20a) and umuravumbolide (20b) revised by Davies-Coleman and Rivett. They determined the absolute configuration on the basis of NMR and CD spectral studies and also reported the optical rotations of these compounds. Our continued interest towards the total synthesis of lactone containing natural products prompted us to undertake the synthesis of the demanding targets desacetylumuravumbolide (20a) and umuravumbolide (20b). To best of knowledge, only one report on synthesis of these natural products in literature by Ramachandran et al. 

Here we synthesized Umuravumbolide in two routes from commercially available valearaldehyde.

Route 1: 
Herein we report simple and practical stereoselective total synthesis of umuravumbolide (20b), desacetylumuravumbolide (20a) starting from commercially available valeraldehyde has been described. The synthesis involves Yamaguchi method, Jacobsen`s hydrolytic kinetic resolution (HKR) and Sharpless asymmetric epoxidation as key steps.
Our retrosynthesis of umuravumbolide (20b) and desacetylumuravumbolide (20a), is depicted in shortly from aldehyde 2 (Scheme 8).

     
                                            Scheme 8: Retrosynthetc analysis


As outlined in Scheme 9, valeraldehyde (21) was subjected to a Wittig reaction with (ethoxycarbonylmethylene) triphenylphosphorane in dry DCM to furnish α,β-unsaturated ester 31 with trans-configuration in 87% yield was followed by reduction of the ethyl ester with diisobutylaluminum hydride (DIBAL-H) at 0 oC to afford the corresponding alcohol 32 in 90% yield, which was subjected to Sharpless asymmetric epoxidation using L (+)-DET, cumene hydroperoxide and Ti(OiPr)4 in dichloromethane to give the desired epoxy alcohol 33 in 80% yield. The resulting epoxyalcohol 33 was converted into epoxy chloride using Ph3P and a catalytic amount of NaHCO3 refluxing in CCl4, and the epoxy chloride was converted to the chiral propargylic alcohol 34 in 70% yield under base-induced epoxy ring opening with n-BuLi in dry THF. The secondary propargyl alcohol 34 was protected with TBDPSCl in the presence of imidazole to give TBDPS ether in 93% yield, which was formylated with DMF using n-BuLi in dry THF to provide acetylenic aldehyde 35 in 65% yield. This aldehyde 35 was converted to the required Z-olefinic aldehyde 36 in 85% yield by hydrogenation using Lindlar’s catalyst in dry DCM. The aldehyde 36 was converted into epoxide 37 by reacting compound 36 with trimethylsulfonium iodide (1.0 equiv) and 50% aqueous sodium hydroxide in the presence of tetrabutyalammonium iodide (catalytic amount) in dichloromethane. This epoxide was found to be mixture of the two diastereomers (syn:anti/1:1.3). The next step in the synthesis was to construct the diastereomrrically pure epoxide by means of Jacobsen’s hydrolytic kinetic resolution. Thus, epoxide 37 was subjected to the HKR resolution technique using (S,S)-salen-Co-OAc complex (0.5 mol %) and water (0.55 equiv.) in THF (0.55 equiv) at ambient temperature to afford (S)-epoxide (38) in 40% yield and the diol in 52% yelid. Our next concern was the construction of the key pyrone ring. Hence, employing the Yamaguchi procedure, the epoxide 38 was reacted with lithium salt of ethyl propiolate in dry THF at 
 -780 to furnish the compound 39 in 79%, which was subjected to partial reduction using Lindlar’s catalyst in benzene to afford compound 40 in 88% yield.




                                                                 Scheme 9


Scheme 9. Reagents and conditions: (a) PPh3CHCO2Et, DCM, 6hr, rt, 87%; (b) DIBAL-H, dry DCM, 0 oC 2hr, 90%; (c) (+)-diisopropyl-D-tartrate, TBHP, Ti(OiPr)4, dry DCM,
 -20 oC 12 h, 80%; (d) (i) PPh3, CCl4, NaHCO3, reflux, 6hr, 78%; (ii) n-BuLi, Dry THF, 10 min, 70%; (e) (i) TBDPSCl, imidazole, dry DCM, 3hr, 0 oC to rt, 93%; (ii) n-BuLi, DMF, dry THF, -78 oC 1h, 65%; (f) Lindlar’s catalyst, DCM, H2, 8h, 85%; (g) TMSI, 50% NaOH, Bu4NI, DCM, 40 oC, 24hr, 84%; (h) (S,S)-Jacobsen catalyst, H2O, rt, 72h. 42%; (i) CHCCO2Et, n-BuLi, BF3OEt2, dry THF, -78 oC, 2hr, 79%; (j) Lindlar’s catalyst, benzene, H2, 88%; (k) PPTS, CHCl3, reflux, 4hr, 95%; (l) Et3N-3HF, CH3CN, 12h, 94%; (m) Ac2O, pyridine, DCM, 18h, 97%.

Compound 40 was subjected to lactonization with PPTS in chloroform to afford α-pyrone 41 in 95% yield. The tert-butyldiphenylsilyl ether group in 41 was removed with triethylamine trihydrofluoride in acetonitrile to afford the natural product desacetylumuravumbolide (20a) in 94% yield. In a separate experiment desacetylumuravumbolide (20a) was acetylated using acetic anhydride/pyridine to afforded umuravumbolide (20b) in 97% (Scheme 9). The physical data and optical data for 20a [α]D25 –5.4 (c 1, CHCl3), 20b [α]D25 +33.4 (c 1, CHCl3) and spectroscopic data were found to be in close agreement with the reported for the natural products.

In conclusion, we have accomplished the total synthesis of the umuravumbolide starting from valeraldrehyde employing Yamaguchi method, Jacobsen’s hydrolytic kinetic resolution (HKR), Sharpless asymmetric epoxidation and acid catalyzed lactonization. This synthetic sequence provides an easy access to the preparation of umuravumbolide.



Route 2:   
Herein, we report another simple and efficent synthesis of desacetylumuravumbolide (20a) and umuravumbolide (20b) from commercially available valearaldehyde. In our synthesis, the stereogenic centers can easily be established by Zinc-mediated addition of protected 2 alkyn-1-ol to aldehyde and Crimmins aldol reaction. Our synthetic strategy for the synthesis of 20b is outlined in Scheme 5. Desacetylumuravumbolide (20a) could be derived from β-hydroxyamide 27 via Horner–Wadsworth–Emmons olefination, global deprotection of silyl, MOM groups and concomient cyclization. Compound 27 could be obtained from aldehyde 26. This aldehyde 26 could be obtained from valeraldehyde (21) by highly enantioselective Zinc-mediated addition of THP protected progyl alcohol (30a)  to valeraldehyde (21).
                                                  
                                                                  
                                                      Scheme 5. Retrosynthetic route for umuravumbolide


As out lined the Scheme 6, the first stereo centre was generated by high enantioselective addition of THP protected propargylic alcohol (30a) in presence of Et2Zn in toulene (1 mmol) and catalytic solution of (R)–BINOL (0.1 mmol), phenol (0.1 mmol), Ti(iPrO)4 (0.25 mmol) in dry ether to valearaldehyde (21) to give compound 22 in 95% yield with 93%ee. The secondary hydroxyl group in compound 22 was protected with tert-butyldiphenylsilyl chloride as TBDPS ether 23 in 93% yield. The tetrahydropyranyl group in compound 23 was deprotected with PPTS/MeOH to give compound 24 in 95% which was oxidized with IBX in DMSO and dry DCM to afford aldehyde 25 in 90% yields. The aldehyde 25 was converted to the required Z-olefinic aldehyde 26 in 85% yield by hydrogenation using Lindlar`s catalyst in dry DCM. We have synthesized aldehyde 26 in 5 steps with an overall yield of 65%.


                                                        Scheme 6

Scheme 6. Reagents and conditions: a) THP protected propargylic alcohol (30a), Et2Zn, (R) – BINOL, Ti(OiPr)4  and PhOH, 95% yield, 93% ee; (b) TBDPSCl, Imidazole , dry DCM, 6 hr, r.t., 93%; (c) PPTS, MeOH, r.t., 95%; (d) IBX /DMSO, CH2Cl2, 0 oC to r.t., 90%; (e) Lindlar`s catalyst, DCM, H2, 8 h, 85%

 Now, thus obtained aldehyde 26 was subjected to aldol reaction with chiral (S)-1-(4-benzyl-2-thioxothiazolidin-3-yl) ethanone (30) in the presence of DIPEA, titanium tetrachloride in dry DCM under the Crimmins protocol to give the mixture of diastereomers with 77% yield (Scheme 7). Diastereomers of -hydroxy amide were easily separable (syn:anti = 8.5:1.5). The hydroxyl group in 27 was protected as its MOM ether 28 in 95% yield using DEIPA and MOMCl in dry dichloromethane. The amide 28 was reacted with DIBAL-H to give aldehyde, which was subjected to Horner–Wadsworth–Emmons olefination employing bis (2, 2, 2 -trifluoromethyl) (methoxy-carbonylmethyl) phosphonate to give the cis-olefinic ester 29 in 82% yield. 

   

                                                              Scheme 7
Scheme 7. Reagents and conditions:  (a) 30, TiCl4, DIPEA, dry DCM, -78 oC, 77%; (b) MOMCl, DIPEA, 7 h, 0 oC – r.t., 95%; (c) (i) DIBAL-H, dry DCM, -78 oC, 5 min (ii) NaH/THF, -78 oC, 30 min, then (CF3CH2O)2P(O)CH2COOCH3, THF, 30–45 min, 82%; (d) 3 M HCl, THF (1:1), 3 h, r.t.; (e) Ac2O, pyridine, DCM, 18 h, 97%.

As the cis-olefinic ester 29 in hand we proceeded further one-pot deprotection of the protecting groups and concominent cyclization of the ester and alcohol functionalities with 3.0 M HCl, THF (1:1) at room temperature to afford the desacetylumuravumbolide (20a) {[α]D25 = –5.4 (c = 1, CHCl3)} in 60% yield. Further in a separate experiment desacetylumuravumbolide (20a) was acetylated using acetic anhydride/pyridine to afford umuravumbolide (20b) {[α]D25 = +33.4 (c = 1, CHCl3)} in 97% yield (Scheme 7).  The physical and spectroscopic data of 20a and 20b were in full agreement with those of reported natural product. 
In conclusion, we have synthesized stereoselective total synthesis of umuravumbolide from valeraldehyde with high overall yield 22% has been demonstrated.  In our synthesis, the stereogenic centers can easily be established by Zinc-mediated addition of protected 
2 alkyn-1-ol to aldehyde and Crimmins aldol reaction.


CHAPTER III: 

Stereoselective total synthesis of Putaminoxin 1 (42).

                                                        

Putaminoxin 42, a phototoxic lactone was isolated from the culture of phoma putaminum fungus. Considering that putotoxic lactones may also be directly used as herbicides as analogues for the development of lead compounds, research was carried out to isolate and characterize the toxic macrolides produced by P. Putaminum

In continuation of our interest on the total synthesis of biologically active natural products, we here in report the total synthesis of Putaminoxin 1 utilizing the Jacobsen’s hydrolytic kinetic resolution for the creation of two stereogenic centers and ring-closing metathesis as key steps. Finally, an intermolecular Steglich esterification strategy was used for the construction of 10-membered macrolide.

Our retrosynthesis of Putaminoxin 1 is depicted in shortly in Scheme 10.



                                                                    Scheme 10

As outlined in Scheme 11, first fragment 44 synthesized from epoxide 43 with CuI, vinylmagnesium bromide. 
                                
                                                      Scheme 11 

Scheme 11: Reagents and conditions a) i) CuI, -73 oC to -40 oC, 19 h, 69%; ii) vinylmagnesium bromide, ether.

Preparation of Fragment 51 as outlined in Scheme 12, the compound 45 protection with THP in DCM gave THP-ether 46 in 70% yield. The resulting olefin 46 was treated with 
m-chloroperoxybenzoic acid (MCPBA) to give the racemic epoxide 47. Racemic epoxide 47 was subjected to Jacobsen’s hydrolytic kinetic resolution using (R,R)-salen-Co-OAc catalyst to give pure (R)-epoxide 48 with 99%ee which was easily separated from the (S)-diol by column chromatography. Then (R)-epoxide opening 48 with dimethylsulfoniummethylide presence of n-BuLi afforded allylic alcohol 49 in 72% yields. Protection of hydroxy group of compound 49 with tertiarybutyldimethyllsilyl group formed TBDMS ether 50. Compound 51 was formed by Selectvely deprotected THP group in compound 50. Finally, the hydroxyl group in 51 was smoothly oxidized by using TEMPO, BAIB to obtain the acid 52 in 75% yield (Scheme 12).


                                                              Scheme 12 

Scheme 12. Reagents and conditions:  a) 2,3-dihydro-2H-pyran, cat. PTSA, CH2Cl2, 0 oC, 2 h. b) m-CPBA, dryCH2Cl2, NaHCO3, 0 oC - rt, 2 h, 92%; c) (S,S)-Jacobsen catalyst, H2O, 0 oC - rt, 16 h, 42%; d) Trimethylsulfoniumiodide, n-BuLi, dryTHF, -10 oC - rt, 2.5 h, 84%; e) TBDMSCl, dry CH2Cl2, 0 oC - rt, 2 h, 96%; f) comm. NH4Cl, MeOH, reflux, 3 h, 65%; g) BAIB, TEMPO, acetone, water (8:2), 12h.

As outlined in Scheme 13, after successfully obtaining the alcohol 44 and acid 52 fragments, the coupling reaction was achieved by employing Steglich esterification obtained compound 53 with 65% yield. Ring-closing metathesis of 53 under various conditions using Grubbs’ 1st and 2nd generation catalyst failed to provide the required 10-membered lactone. In order to circumventthe problem, we thought it appropriate to first deprotect the TBDMS group and then use the ring-closing metathesis for macrocyclization. Thus the TBDMS group of diene 53 was deprotected to get the alcohol 54 with 85% yield.

          
                                                       Scheme 13

Scheme 13. Reagents and conditions: h) DCC, DMAP, CH2Cl2, 0 oC - rt, 65%, rt, i) TBAF, dryTHF, 0 oC - rt, 6 h, 85%; j) (Pcy3)2Cl2Ru = CHPh (12 mole%),CH2Cl2, 40 oC, 48 h.

As outlined in Scheme 13, Ring-closing metathesis of compound 54 by using Grubb’s first generation catalyst under high dilution conditions furnished a 10:1 (E/Z) mixture, which on chromatographic purification gave the target molecule 42 in 60% yield. The formation of compound 42 was established by 1H NMR the appearance of only two double bond proton signals in the place of six double bond protons signals at δ5.54 (ddd, 1H, J = 4.9, 10.5,15.2 Hz), 5.32 (dd,1H, J = 9.2,15.2 Hz ), and the lactonic methane proton appeared at 5.04-5.01 (m, 1H). The compound 42 also characterized by 13C NMR spectral data due to the carbonyl in δ-lactone appeared at δ 175.6 and the double bond carbons C-7, C-8 appeared at δ 137.1, 131.7 respectively. IR spectrum showed absorption band at 1748, 1634 cm-1 for carbonyl in ester groups and mass spectrum HRMS calcd for C22H24NO6 398.1598[M+NH4]+, found 398.1596. The physical {white solid, mp 132 oC; []D25 +319 (c 0.1, CHCl3)} and spectral data of the synthesized compound 42 were found to be in good agreement with the reported literature data. 

In conclusion, we have synthesized stereoselective total synthesis of Putaminoxin 1 in low steps by convergent method. In our synthesis, the stereogenic centers can easily be established by Jacobsen’s hydrolytic kinetic resolution, ring-closing metathesis and intermolecular Steglich esterification strategy as key steps.







